Issue addressed: More than 87% of Australians own a mobile phone with Internet access and 82% of phone owners use their smartphones to search for health information, indicating that mobile phones may be a powerful tool for building health literacy. Yet, online health information has been found to be above the reading ability of the general population. As reading on a smaller screen may further complicate the readability of information, this study aimed to examine how health information is displayed on mobile phones and its implications for readability. Methods: Using a cross-sectional design with convenience sampling, a sample of 270 mobile webpages with information on 12 common health conditions was generated for analysis, they were categorised based on design and position of information display.
Introduction
The ever-expanding capabilities of mobile phones have transformed how we access information. More than 87% of Australians own a mobile phone with Internet access 1 and 82% of phone owners use their smartphones to search for health information. 2 The advance of communication technology has provided unprecedented access to health information at the convenience of our fingertips. However, studies have found that the readability of online health information is beyond the average reading ability of the general population. [3] [4] [5] [6] Although there has been a substantial amount of evaluation studies conducted on the readability of online health information accessed through personal computers, the readability of health information on the much smaller screens of mobile phones has rarely been explored.
Access to health information is greatly enhanced by communication technology, and the Internet has been hailed as a useful tool to increase health literacy, 7, 8 that is, the skill and ability to make healthcare decisions that involve 'knowledge, motivation and competencies to access, understand, appraise and apply health information.' 9(p4) Yet, readability studies have put these claims into doubt, as they continue to find that the reading grade level of online health information is above the reading ability of adults. In a review of 352 global health websites, McInnes and Haglund found an average reading grade of 12.3 and none of the websites met the recommended level of grade six, the equivalent of 6 years of USA education. 5 Cheng and Dunn also reported an average reading grade of a minimum of 10.54 for Australian health websites. 3 So although people may have greater access to health information, they may lack the basics of health literacy to comprehend and use such information.
Although reading grade level may have a role in the understanding of information, it is also posited that information comprehension, which includes readers' experience, the reading environment and presentation format also contribute to readability. 10 Hence, the readability of health information may be further complicated when reading on devices with smaller screen sizes, such as a mobile phone, smartphone, or tablet device. In a study comparing text reading on desktop and mobile screens, it was found that comprehension dropped by half when reading on the smaller screens of mobile devices.
11
Users of mobile phones also display different information-seeking behaviour from tablet or personal computer users. A study by Google Australia found that 86% of Australian smartphone users prefer visiting a mobile-friendly site, 2 that is, a site with responsive design optimised for easier access to content on smaller screens. 12 Furthermore, mobile visits tend to be shorter and less information is viewed compared to visits from fixed devices. 13 Hence, it is recommended that significant information should be displayed above 'the fold' 14 , the area where 'a user can see without scrolling down'
15 (see Fig. 1 , for examples of queried information positioned above and below the fold). As such, users will have immediate access to the queried information once the webpage is loaded. Studies have also demonstrated that mobile webpages using the paging format -presenting text over several pages that fit the screen area -is easier to read than the scrolling format, in which users need to scroll down to keep reading. 10, 16 Reading grade level of online health information has already received much research attention, [3] [4] [5] [6] however mobile users demonstrate different reading patterns than personal computers users. As such, this study aimed to examine how health information is displayed on mobile phones with the objective to examine its possible effects on readability. The specific research questions were:
(1) How many health webpages accessed through a mobile phone are mobile-friendly? (2) How many mobile health webpages display the queried information above the fold? (3) How many mobile webpages use the paging format? (4) Are there differences between the mobile-friendliness of government, not-for-profit and commercial health webpages?
Methods
This study used a cross-sectional design with convenience sampling. Twelve common health conditions were identified based on the National Health Priority Areas, 17 Sample webpages were identified through a search engine, as 80% of online health searches start from a search engine. 20 With over 96%
of mobile users using Google as their search engine of choice, 21 Google was used for webpage identification. Studies of mobile search behaviour indicate that users often look only at the first page of search results, 22 therefore, only the first page of results was included. The webpages needed to be in English, written for consumers and be freely available to the general public for inclusion. The search, using an iPhone 6 Plus and accessing the Internet via
Above the fold -causes of bowel cancer can be viewed immediately
Below the fold -scrolling is required to view causes of bowel cancer Safari, the default browser on iPhone, was conducted on one day (5 December 2014) to minimise the effect of changes to website content.
Exclusion criteria for websites included broken links, irrelevant information, news, advertisements, and medical journals. Search engine-generated results, such as definition, feedback, blogs, forums, and video and audio links were also excluded, as were links to outside resources. In addition, websites on which relevant health information was five clicks away from the search engine results page were excluded as they were considered too difficult to access and were not likely to be read. 5 Webpages that met the inclusion criteria were recorded with information including the name of the associated organisation, position on search result page, country of origin, type of organisation and the three features of webpage design as stipulated in the research questions. For research questions 1, 2 and 3, descriptive statistics were used for analysis. Chi-square analyses were performed to determine if there were any significant differences between webpage designs across types of organisations. The statistical analyses were performed using STATA version 13. P-values of 0.05 were set for all statistical tests.
Results
The results for the 36 search terms generated a total of 344 links. Based on the selection criteria, 74 did not meet the inclusion criteria, resulting in a final sample of 270 webpages from 80 websites. Diabetes-related searches produced the highest number of eligible results (n = 27) and bowel cancer-related searches produced the least results (n = 18; see Fig. 2 for distribution of webpage design by health condition). For types of organisation, 42.59% were commercial webpages, 38.15% were run by not-for-profit organisations and 19.26% were government webpages. For country of origin, 51.11% were webpages from the USA, 36.67% were Australian webpages, 10.37% were UK webpages and 1.85% was from other countries.
When accessed via a mobile phone, 193 (71.48%) health webpages were mobile-friendly and 77 (28.52%) led to a desktop site. When breaking down into individual health condition, dementia webpages had the highest proportion of mobile-friendly webpages, with 20 being mobile-friendly and only two desktop sites. Bowel cancer information has the lowest proportion of mobile-friendly sites with 10 being mobile-friendly and eight being desktop sites (see Fig. 2 for distribution of webpage design by health condition).
Of the 193 mobile-friendly webpages, 69.96% (n = 135) displayed the queried information above the fold and 30.05% (n = 58) required scrolling to view the queried information. The majority of mobile-friendly webpages (67.88%) employed the scrolling format with only 32.12% designed in the paging format.
Although 71.48% of health webpages were mobile-friendly, only 50% health webpages were mobile-friendly with the queried information displayed above the fold. When the variable of paging format is included, the result indicated that only 15.93% were mobile-friendly webpages in a paging format with queried information positioned above the fold for immediate viewing (see Fig. 3 for distribution of webpage design and format).
Of the commercial webpages 84.35% were mobile-friendly compared to 69.23% of government webpages and 58.25% of not-for-profit webpages. The relationship between organisational type and webpage design was statistically significant (c 2 (2, 270) = 18.3104, P < 0.001). However, the strength of the relationship is small (Cramer's V = 0.26).
For mobile-friendly webpages, 85% of not-for-profit webpages placed the queried information above the fold whereas 64.95% It is noted that dementia-related webpages had the highest number of mobile-friendly webpages (n = 20) and least number of desktop pages (n = 2). However, no significant relationship between health condition and mobile-friendly design was found (c 2 (11, 270) = 14.56, P = 0.20). For the 30 number-one ranking webpages, 70% of them were mobile-friendly. However, only 56.57% were mobile-friendly with queried information displayed above the fold and the proportion again fell to 20% for mobile-friendly webpages with information positioned above the fold and in a paging format. The trend is similar to the overall result of all webpages.
Discussion
With increasing demand for self-management of chronic diseases to minimise health costs in the face of an ageing population, combined with an array of health services and treatment choices, health literacy is deemed 'an essential life skill' in the 21st century. 23 As health literacy is a key outcome of health education, access to easy-to-read health information is crucial in building health literacy. 24 The present study sought to examine how health information was displayed on mobile phones based on webpage design and found that 71.48% of health webpages were mobilefriendly but only 15.93% were mobile-friendly webpages designed in a paging format with queried information positioned above the fold, which has been recommended as the optimal way information should be presented on mobile-friendly webpages.
With the advance of communication technology, accessibility of health information has been greatly improved for the general public and the popularity of smartphones adds further momentum to the ease and speed of finding health information. However, mobile phone users demonstrate very different behavioural patterns from tablet and desktop users. A mobile-friendly site is essential for encouraging users to stay on a site when using a mobile device, as 75% of users will leave a site solely because it is not mobile-friendly. 2 Although the results of this study indicate that the majority of health websites are mobile-friendly, there is still about one-third of health websites that users may abandon before reading any important information simply due to the fact that they are not mobile-friendly.
The result shows that more commercial websites are mobilefriendly than government or not-for-profit websites. Commercial organisations may have more resources to develop their websites optimally over multiple platforms to ensure that they have websites that cater to the reading needs of consumers, and in turn may attract more viewing than government or not-for-profit websites.
Given that government websites should be evidence-based and designed for the general public, increased resources should be directed towards ensuring that the public can access this information across multiple platforms, thus providing consumers with appropriate and evidence-based information.
The present study also found that health websites are predominately designed in the scrolling format and queried information may not be displayed above the fold. Mobile users are impatient users; they use the mobile phone to look for quick answers and will abandon a site if it is not loaded within 3 seconds. 2 Therefore, it is not surprising that studies have found that the fold and scrolling could affect reading of information. 14, 16, 25 Furthermore, an eye movement tracking experiment reported that the area above the fold received 102% more viewing than below the fold. 14 Therefore, if health information is not displayed above the fold for immediate viewing, it is highly likely that the information may not be read. However, mobile viewing habits continue to evolve and Nielsen has argued that the concept of above the fold is no longer relevant in an environment of varying screen sizes. 26 Moreover, people may have now become accustomed to the action of scrolling as it is the commonly used format in social media.
The effects of scrolling and paging formats on reading and comprehension are also inconclusive due to limited evidence. It has been found that text presented in a paging format could be read significantly faster than in a scrolling format, 25 and comprehension of narrative texts could be improved in a paging format when reading on small screens. 16 Users may also experience the psychological burden of feeling drowned in an information abyss with infinite scrolling. 27 Scrolling also presents cognitive challenges for users, requiring them to recall information displayed earlier on the screen and low-literacy users may get disoriented, lose track of the context and miss important health information when scrolling. 28 However, Nielsen posited that the scrolling action may be easier for users than clicking through pages. 26 Given the fact that many users would leave a site if it were not loaded within 3 seconds, 2 it is plausible that readers may not want to click and wait for the loading of subsequent pages.
The limited evidence and lack of consensus on how to present health information in the mobile environment to promote reading and comprehension is a major limitation of this study. That mobileresponsiveness of a website affects readability of mobile health information can be ascertained; however, whether the display of health information on mobile phones has any implications for readability cannot be easily concluded. Due to limited time and resources, this study did not evaluate the reading grade level of health information on mobile phones. However, although no specific comparison was conducted, the health information accessed via the mobile device was essentially similar to those accessed through personal computers, and previous studies have already found that online health information is beyond the reading ability of the general population. [3] [4] [5] [6] Therefore, displaying health information in an easy-to-read format will only be effective in enhancing readability when it is complimented with health information that is written in an easy-to-read style.
The other limitation of this study is that only 12 common health conditions were included in the analysis. Although they did reflect current health priority areas, whether they are the most commonly searched topics on mobile phones cannot be determined since there is only a very limited number of studies investigating mobile search behaviour. A further limitation of the study was the use of iPhone 6 Plus for viewing webpages, as other mobile devices with different screen sizes may produce different viewing effects.
Mobile searching for health information is a much overlooked research area 29 and little is known about search behaviour and the needs of information seekers. 22 Hence, the current study can only rely on the limited knowledge available to assess the affect of mobile health information display on readability. Further studies on the needs and actual usage patterns of mobile users are needed for health professionals to be able provide usable and comprehensible health information in the unique environment of mobile phones.
Conclusion
The Internet has been found to be an effective medium for delivering health information to the wider population including people with lower income and less education, as well as minority groups. 30 Internet accessibility of health information has greatly increased as the popularity of smartphones grows and it is predicted that mobile Internet will soon become the foremost way of accessing information. 10 The fact that most mobile users will abandon a desktop site when searching on their mobile phones indicates that building mobile-responsive websites should become a priority for health information providers in an effort to build health literacy.
At the same time, research efforts are urgently required to establish a comprehensive knowledge base for health professionals and policy-makers to fully capture the capabilities of mobile phones as a useful health literacy tool.
